Abstract-A major challenge in teaching hypermedia is to illustrate how varying dimensions of using context are related to user's quality experience of online services. The Urban Computing Lab (UCL) tool was developed for students to collect rich information for further analysis about quality experiences of online services in authentic situations. Meaningful learning from the real world problems in authentic contexts enhances learning of abstract and theoretical issues.
I. TEACHING CHALLENGES IN HYPERMEDIA
High quality and an overall acceptability of online services have become more and more important for users. Smart phones and small laptops enable users to access online services and communities almost everywhere, and contexts of use of online services have become more diverse. The consideration of users' expectations in the design of online services requires an understanding that quality is perceived and experienced subjectively by the user. The quality experience of online services is a complex phenomenon affected by many diverse aspects like usability, accessibility, informational quality, user's physiological and psychological capability, user's personality as well as a situation and a context of use. There are always some permanent dimensions affecting the user's experience such as psychological and physiological traits of human beings (memory, perception, sense, basic needs) and cultural factors, but also some varying dimensions of context of use like the purpose of use, social situation, physiological environment, device used, and emotions and arousal level of user at a given moment. Because of these varying dimensions of context every case of usage is unique and offers the user an unique quality experience. [ 
1][2][3][4][5]
One important issue in the teaching of hypermedia is promoting and ensuring the knowledge of quality management and quality evaluation. In addition to professional and theoretical materials, cases and authentic examples are widely used in engineering education. Students cannot learn hypermedia engineering practices unless they can authentically experience those practices. One of the main challenges in teaching quality management and quality evaluation in hypermedia is to illustrate abstract and theoretical phenomena like quality experience.
The Hypermedia Laboratory is responsible for the teaching of hypermedia engineering at Tampere University of Technology (TUT). Hypermedia can be studied as a major or a minor subject, and students can focus on either the technical implementation of structured information or general design and management of hypermedia projects. This paper reports a study of a teaching experiment of Hypermedia Laboratory. The aim of the study was to develop the teaching of quality management and evaluation issues in hypermedia towards more authentic learning. First theoretical background is presented. Then the Urban Computing Lab (UCL) tool, data collection and participants are described. Third the analyses of the data and the findings are reported. Finally conclusions and suggestions for future work are presented.
II. AUTHENTIC AND MEANINGFUL LEARNING
Students can be motivated and supported to learn abstract and theoretical issues by offering them interesting and challenging real-world problems to solve. In order to make students' learning relevant to real-life experiences, learning environments must be authentic. Authentic learning is a process of interacting with the real world and reanalyzing and reinterpreting new information and its relation to the real world [6] [7] . Authentic learning is a pedagogical approach that allows students to explore, discuss, and meaningfully construct concepts and relationships in contexts that involve real-world problems that are relevant to the learner [8] .
With the UCL tool students have an opportunity to construct a meaning of a real-world context based on their own experiences in the authentic situations, which helps them to link practice with theory. When the students address the same goal, they can benefit from sharing ideas and information. The students can also control their own learning, which promotes active learning. When the learning occurs in authentic situations and contexts with examples, tasks, simulations and demonstration of complex real-world problems, opportunities for meaningful learning open up. Meaningful learning occurs when ideas and information are combined with students' own experiences to form personal and unique understandings. Meaningful learning includes active, constructive, collaborative, intentional, complex, contextual, conversational and reflective dimensions. Such dimensions as transfer, motivation, volition and edutainment have been found in earlier research to enhance deep learning. [8] [9] [10] III. URBAN COMPUTING LAB A major challenge in teaching quality management and quality evaluation in hypermedia is to illustrate how varying dimensions of context of use are related to user's quality experience. It is known that meaningful learning from real world problems enhances the learning of abstract and theoretical issues [8] [9] [10] . The Urban Computing Lab (UCL) tool for collecting and visualizing contextual information related to user's quality experiences, was designed and implemented in response to that challenge. The UCL tool is a mobile, context-aware online service to easily collect a large amount of rich contextual and emotional information from users' authentic experiences of using online services. The tool is designed to be used in the evaluation of online services for collecting information about context of use and about quality experience from a large number of users just when the online service is used [11] [12] .
The possibility to use the UCL tool with smart phones benefits students' learning by engaging them with real-world situations, also when observing mobile usage of online services. Only a short, 'lunch-time participation' is needed from students to collect the main information related to their quality experience in the very same context in which the online service is used. This ensures the authenticity of the information. Immediately after finishing a task, when a web page is still open in a browser window, students can click a bookmarklet, which is a small computer program for storing a URL in the bookmarks of the browser. This bookmarklet redirects to a simple web form of UCL tool with few structured questions and a couple of open-ended questions. Afterwards students can enrich the information collected in the use situation for example with annotation (textual tags), videos, pictures, narrative descriptions etc. With the UCL tool it is also easy to collect information which otherwise could be laborious such as technical information about devices or geographical position. In addition to that, the further processing of data is easier, because the information collected is in digital format.
The contextual information collected can be classified into five domains: general, physical and geographical, social, action and affective [2] [11].
• General level: user's experience of using that certain web service.
• Physical level: information of geographical position, time stamps and technical information about devices and network connection (all collected automatically), also tags, photos and videos which describe the environment.
• Social level: description of a social situation (is the user alone, using the service with a friend or are there any people around if she/he needs help).
• Action level: information which describes users' actions (what a user is doing, which web service she/he is using and the purpose of use, success of use).
• Affective level: information about a user's feelings and emotions (overall and connected to use).
With the reporting system of the UCL tool students can generate simple diagrams for illustrating contextual factors related to the users' quality experience of a certain online service, for example by investigating averages of answers given as in the case of TUTCircle, which is a web based environment for students offering customized tools for enhancing social aspects of student life at TUT [13] . According to a report generated by the UCL tool it can be found that mean score of quality is 2.6 and mean score of utility is 2.0 (on a scale 1-5). Most of the students' overall feeling of the day were 'satisfied', and their use experiences was 'neutral'. Most of the students used the online service for enjoyment at night with a laptop in their homes situated in Hervanta district Tampere. All the students succeeded in achieving their goals. See Figure 1 .
The UCL tool also offers possibilities for a detailed examination of each use experience or for a comparison between them. A teacher can, for example, select and sort information according to predefined criteria to gather information on certain kinds of use experience. This kind of report can illustrate a variety of the quality experiences to the students, and help them to understand why users' feedback on quality issues differs. See a screen capture of the report in Figure 2 . There is a list of six cases of using the TUTCircle online service. The information about the contextual factors related to the quality experiences is selected according to respondents' overall feelings about the day, which were 'bored'. In the columns reading from left to right: 1. user's goal for using online service 2. URL of online service 3. user's overall feeling about the day 4. score for quality 5. score for utility 6. quality of use experience 7. achievement of goal 8. duration of using online service 9. place for using online service 10. type of device.
The information about the contextual dimensions related to quality experiences collected with the UCL tool can be easily exported from the tool for further analysis with, for example, Especially in the educational context products or software should provide high quality experiences so that users can concentrate on learning instead of struggling with interface. The user consciously or unconsciously evaluates the pragmatic and hedonic quality of the software. Pragmatic quality indicates how effective, usable, clear, useful or controllable etc. the software is. Hedonic quality indicates if the software is stimulating, communicates identity and invokes memories. Stimulating software meets the individual's needs for personal development, i.e., the development of skills and knowledge. To be stimulating, software must provide novel, interesting or exciting interaction or content. [14] [15]
The students' conceptions of the pragmatic and hedonic quality of the UCL were examined using the AttrakDiff 1 questionnaire. AttrakDiff is an instrument of measurement in the format of semantic differentials, which are items with poles of opposite adjectives like conservative -innovative. Respondents can rate a product or a web service on 7 semantic differentials for each dimension of user experience with a 7-point Likert scale. [15] According to the results of this research a major part of students (81%) considered the pragmatic quality of UCL to be positive, and the tool to be easy to use. None of the students considered pragmatic quality to be poor. Half of the students (51%) considered the hedonic qualitystimulation of UCL to be positive. They regraded UCL as an innovative, inventive and novel tool. A quarter of students (24%) considered the hedonic stimulation of UCL to be negative. They thought that UCL was an undemanding, dull and cautious tool with "ordinary questions" and "nothing new". [16] IV. TEACHING EXPERIMENT This research was carried out in autumn 2009. There were 34 students of Tampere University of Technology participating in the research. They all had hypermedia as their major subject, 1 AttrakDiff TM a service of User Interface Design http://www.attrakdiff.de/en/Home/ and they all participated in the same university course entitled "Usefulness of Web-based services".
Two assignments were presented to the students at the end of the course, after the students had learned about quality evaluation of online services in several lectures. During the lectures, theoretical backgrounds of quality experience and online service quality evaluation as well theories of usability, accessibility and informational quality were presented to the students. The students also studied different evaluation models, they familiarized themselves with different evaluation methods and they practised using different kinds of evaluation criteria, checklists, standards etc. when doing their weekly exercises. The research ascertained if the use of the UCL tool helped students to understand how and why different users prefer different properties of online services and why users' feedback on quality issues differs.
As Exercise 1 the students were asked to use a free-choice online service and save the contextual information related to their quality experience using the UCL tool, and to write short essays on the strengths and weakness of using the UCL tool for the quality evaluation of online services. The students were not told beforehand anything about the purpose the UCL tool was designed for. Only short, practical guidance on how to use the UCL tool for collecting information was presented to them. The main aims of this assignment were to let the students familiarize themselves with the tool, and by analyzing their essays to find out how they plan to use the tool for the evaluation of online services and why. It was of interest to find out if the students realized why all this contextual information was needed when evaluating quality experiences.
One week later (as Exercise 2) the students were asked to use the same online service, but now they were asked to change the context of use in some way by changing devices, environment, social situation etc. After that the students were asked to compare their earlier experience with the later one, and to find out if there were differences between those two experiences and why. As before, the students collected the information using the UCL tool and wrote short essays on their findings. Once again the students' essays were analyzed to find out if the students found any differences between their first and second experiences. It was also of interest to find out if the Figure 2 . With the reporting system of the UCL tool various reports and compilations of information collected an be generated for detailed examination or comparison between use cases. In the figure the information about the contextual factors related to the quality experiences of the TUT Circle online service is selected according to respondents' overall feelings about the day, which were 'bored'. students saw any connection between their quality experience and the contextual factors affecting the use situation. Our hypothesis was that students develop a better understanding of the significance of contextual dimensions for the quality experience by analyzing their own real-life quality experiences.
V. ANALYSIS AND RESULTS
The students' essays in Exercise 1 were analyzed by using a two-level approach. At first the explicit meaning of the each essay was found i.e. what the student exactly wrote about, for example, using the UCL tool for evaluation purposes. Secondly, the implicit meaning of the essay was analyzed by using content analysis, which is a technique for identifying specified characteristics of text (content) objectively and systematically [17] . During the process of analysis, potential features and indicators were identified related to the student's views on the quality experience and the contextual factors. Based on the interpretations of these features and indicators, a conception of student's understanding of quality issues was formed. The purpose of this was to find out what the students had actually learned; did they understand how to use the UCL tool and for what purposes, and how did the different contextual factors affect the quality experience.
The students' essays in Exercise 2 were analyzed in the same way as the essays in Exercise 1. The purpose of the analysis was once again to find out what the student had actually learned, but also to find out if the comparison between the information collected from two different quality experiences helped them to understand how the different contextual factors are related to the quality experience.
After the analysis of the essays the students were grouped according to their learning outcomes. According to the learning outcomes of the first exercise the students can be grouped into three different groups: 1. students who think that only some of the contextual factors related to physical level like device, browser and display resolution could impact on quality experience, 2. students who emphasize usability and accessibility and pay attention mostly to the factors related to action level 3. students who understand the contextual factors impacting on quality experience can be related to general, physical, social, action or affective level. Percentage distributions of students by learning outcomes were also calculated.
Group 1: The analysis shows that after the first exercise as many as 27% of students did not understand at all how and why to use the UCL tool for quality evaluation. Most of these students thought that the UCL tool was a self-reporting tool for user or evaluator experts to save notes about their using experience for further use. However they did not understand what benefit that could offer, and they did not discover the possibility to use the UCL tool for collecting information from large numbers of users. According to the students there was an insufficient number of questions included in the UCL tool, and the questions were not specific enough for serious quality evaluation. Some of them were thought that for evaluating quality of web service it is enough to know about device, browser and display resolution, so only some of the contextual factors related to the physical level could impact on quality experience. Group 2: Forty-three per cent of students understood that the UCL tool can be used to collect information on the user's experience, but they did not understand why certain contextual information was collected. They thought that features of the online service and success of the users in achieving their goals are the most important things to pay attention to, when the experience of using an online service is evaluated. Most of these students emphasized usability and accessibility factors and wondered at questions about feelings, arousal or social context.
"I think that the UCL tool is quite useless... … It is not possible to use the tool for collecting detailed information about use experience. The UCL doesn't offer any information on how to improve (the web service) in case the

"... quality evaluation of tired or angry user, who is often impatient, can be more critical than the quality evaluation of rested user, who is not in a stressful situation. Nevertheless these are unique characteristics of the user or the test case, which should not be allowed to distort the results of quality evaluation."
Group 3: Only 30 % of students understood how to exploit the UCL tool for collecting contextual information from a large number of users for further analysis of users' quality experience. They also realized the importance of collecting different information related, for example, to emotions, arousal level, physical and social environment for evaluating users' quality experiences and variation of these experiences.
"Only the most relevant questions have been included in the tool, therefore it offers a very concise, informative and exhaustive picture of use situation. ... The UCL tool is a very useful tool for evaluator experts to collect information from users in quick and effective way for further analysis. " "I hadn't realized before how the overall feelings of a day could affect my experience of pleasure related to the use of a web service, which is obvious on the other hand. In addition the UCL tool made me think how many different factors could disturb the use of a web service. For example: The TV is on, my stomach is rumbling, the rain patters on a window. The UCL tool also offers a chance to compare the user experiences of different users. It is also possible to find out how the users have responded to the questions about different web services. That helps me to notice which web services are of high quality according to users. "
As the second exercise the students used the same online service as before, but now they changed the use context in 2 The responses of participants were originally in Finnish, and they have been translated into English. some way. Once again after the analysis of the essays the students were grouped according to their learning outcomes into three different groups: 1. students who seemed to think that contextual factors do not affect on quality experience, if the online service is usable enough 2. students who understand that contextual factors related to physical level can affect quality experience 3. students who understand contextual factors impacting on quality experience can be related to general, physical, social, action or affective level. The percentage distribution of students by learning outcomes was also calculated. Finally the degree of the association between the students' course grades and students' learning results were measured using Spearman's rank correlation, which is a non parametric test for indicating the direction of association between variables in ordinal form.
Group 1: After the second exercise according to the results of the analysis there were 20 % of the students, who did not perceive any differences between their two experiences despite differences in the context of use (different device, quiet vs. noisy environment, busy cafeteria vs. tranquil home). In their analyses they focused mainly on the features of online services, which they examined from the viewpoint of usability and accessibility. When the online service is easy and effective to use despite the devices, the browsers or other technical issues, the other contextual dimension has no significant impact on the quality experience. In other words they seemed to think that online service with high usability and high accessibility can offer high quality experience despite the varying context of use.
"I didn't find any differences between use situations. I used the web service first at home in a peaceful atmosphere, and later in a lively clubroom. That had no affect on my use experience because the task was very simple with clear guidance."
"I used the same web service first at home on a Windows-PC, and the second time at a cafeteria using a Nokia N810 Mobile phone. ... It took a little bit more time to achieve my goal using a mobile phone than using a desktop PC. Loading the web page, navigating on the page and writing the text were slower. The difference was too unimportant to reflect in quality scores."
The rest of the students (80 %) perceived the change in their quality experience caused by contextual factors related to one or more contextual level (e.g. general, physical, social, action or affective).
Group 2: Sixteen per cent of all students mentioned one or two factors related to physical level. They had noticed that their quality experience was different depending what device, browser and physical environment with disturbing factors like noise, time of day.
"The web service wasn't able to be used properly by mobile phone, which has a very negative impact on my quality experience." Group 3: Contextual factors related to the two or three different levels of contextual information were mentioned by 63 % of all students. All of them mentioned factors of physical level like device, browser, noise or other disturbing factor related to physical environment. Two of three from those students had noticed that their emotional state and level of arousal also affected their quality experiences. According to Spearman's rank correlation test the association between the student's course grade and the student's learning outcomes was positive and moderate (rs = .0449). The association was statistically significant (p < 0.05). The more numerous contextual factors a student mentioned, the higher was his/her course grade. However, this correlation cannot prove anything. Further research is needed before we can prove that one thing affects the other. It nevertheless suggests a connection.
VI. DISCUSSION
People solve problems in their everyday lives and naturally build their own theories to explain the world, therefore it can be claimed, that problem solving is always authentic. When people are trying to solve a problem, they construct and test a mental model of the concepts related to the problem. The knowledge constructed in the context of problem solving is more integrated, more transferable and better integrated than knowledge constructed on traditional lessons. In the learning context problems can provide a purpose for learning new things, which is also important for meaningful learning. It can be said that problem solving provides meaningful forms of knowledge. [7] [8] [9] In order to develop the teaching of quality management and evaluation in hypermedia toward more authentic and more meaningful learning, the Hypermedia Laboratory organized a teaching experiment during which the students were offered real-world situations to analyze. The students were asked to use a free-choice online service and to consider if any factors related to the use situation affected their quality experiences. They used the UCL tool to collect information related to their own quality experience in the authentic situation, and saved that information for later analysis. The analysis of the information from their own experiences helped students to link the practice (their own experience) with the theory of the quality experience [8] [9] . This helped the students to understand the elements of the complex and abstract phenomena like quality experience, to develop concepts, and by using these concepts to structure a mental model, which is the mental representation of the phenomenon and its elements [9] [10] . According to the analysis of the essays from the first exercise it can be said that all the students were able to see the connection between their quality experience and contextual factors in some way, but only 30 % of the students seemed to fully the understand relationship between the quality experience and the contextual factors. For the 70 % of the students an idea of contextual factors' impact on quality experience seemed to be new, even though they had studied the theory of those in traditional lectures. They still had the "old" mental model of the concepts related to the quality experience. For example, it can be assumed that 43 % of the students emphasized usability and accessibility because they had studied these issues on other courses, and they had not yet developed a new mental model.
The conceptual change required for problem solving and learning occurs through experience and reflection. Before the students were able to solve the problem how the contextual factors and which of them affected to their quality experience, they needed to understand the causal relationship among the concepts related to the phenomena, and to adapt and restructure those concepts to build a new personal theory of quality experience. [9] After the second exercise the students compared the information from the first exercise to the information from the second one. This comparison strengthened the connection between practice and theory, helped the students to understand the causal relationship between the concepts, and to reorganize the concepts to restructure a new mental model of the phenomenon to develop the personal and unique understandings of the quality experience [8] [9] .
When after the first exercise only 30 % of the students seemed to fully understand the connection between their quality experience and the contextual levels, after the second exercise 80 % of the students perceived the change in their quality experience, and they seemed to understand the idea of the impact of contextual factors on quality experience. The students' learning outcomes were better after the second exercise than after the first one. In addition, the learning outcomes of the second exercise seem to indicate students' success. According to Spearman's rank correlation test there was a moderately positive association between a student's course grade and a student's learning outcomes. The more numerous contextual factors a student mentioned, the higher his/her course grade was. However, this correlation cannot prove anything. Further research is needed before we can prove that one affects the other.
VII. CONCLUSIONS
In the quality evaluation of web services students usually pay attention to usability issues (is the web service easy and efficient to use, easy to remember, has it few errors and is it subjectively pleasing). During the teaching experiment in autumn 2009 the UCL tool was used to make the students also pay attention to contextual and situational issues such as user's goal for using an online service, user's overall feeling about the day, opinion of the utility of the service, use experience, achievement of goal, duration of using online service, place for using online service, and type of device. The research emphasized that most students needed guidance in taking account in evaluation of contextual dimensions like social level (description of a social situation -is the user alone, using the service with a friend or are there any people around if she/he needs help), action level (information which describes users' actions -what a user is doing, which web service she/he is using and the purpose of use, success of use) and first of all affective level (information about a user's feelings and emotions -overall and connected to use).
In conclusion we can argue first that students can be motivated and supported to learn abstract and theoretical issues by offering them interesting and challenging real-world situations, and that the UCL tool, which students regarded as pragmatic and easy to use, seem to be convenient for that purpose. Secondly we can argue that meaningful learning from real-world problems in authentic contexts provides a more effective learning opportunity for students than traditional lecturing. The analysis and comparison of their own experiences from authentic real-world situations for solving complex problems helped students to develop a new mental model of the phenomenon, and in that way helped them to learn and better understand the abstract and theoretical phenomena like quality experience. However, 20 % of the students seemed not to understand the relationship between the quality experience and the contextual levels. Further research is needed in the efforts to better understand how to support those students to improve their learning outcomes. Should we offer them more opportunities to compare and solve problems in collaboration with other students?
